Thyroid and parathyroid glands from normal adult sheep and sheep with vitamin D,-induced hypercalcemia were evaluated immunohistochemically for the presence of parathyroid hormone-related protein (PTHrP) and calcitonin (CT). Thyroid follicular cells, C-cells, and parathyroid chief cells stained moderately to strongly positive for PTHrP in both groups of sheep. C-cells were identified as cells positive for cytoplasmic staining of CT. Staining of C-cells for calcitonin in hypercalcemic sheep was diminished in intensity. The data demonstrated that PTHrP is present in the sheep thyroid and parathyroid glands. PTHrP may function as a local paracrine factor in these organs, but its staining intensity was not affected by the induction of hypercalcemia.
Parathyroid hormone-related protein (PTHrP) is a polypeptide (1 4 1 amino acids) originally isolated from human and animal tumors associated with humoral hypercalcemia of malignancy (HHM). 9 PTHrP also has been identified in tumors, e.g., squamous cell carcinomas, that are not associated with HHM3 and in many normal tissues where it functions as a paracrine f a~t o r .~ Eight of 13 N-terminal amino acids of PTHrP are identical to those of parathyroid hormone (PTH), but there is no immunologic cross-reactivity between PTHrP and PTH.Z.5,7.9J0 PTHrP has been identified immunohistochemically in normal epithelial tissues,1,3.5 including endocrine organs such as the pancreatic islet, adrenal cortex, and parathyroid gland. Immunoreactivity for PTHrP also has been described in h u m a n l~~,~ and rat2 thyroid glands and human C-cell carcinomas.L The expression of PTHrP mRNA has been demonstrated in cultured human C-cell carcinoma cells.4 The purpose of the present study was to determine whether PTHrP immunoreactivity is present in the adult sheep thyroid gland and to investigate its localization in thyroid follicular and C-cells in response to hypercalcemia induced by vitamin D, administration.
Five thyroid glands from castrated Suffolk sheep 2-3 years of age were obtained from a slaughter house and served as the normal controls. Fifteen castrated Suffolk sheep 1 or 2 years of age were injected daily with 2 million IU of vitamin D, for 10, 20, or 30 days.8 After treatment with vitamin D,, the mean (+SD) serum calcium values were significantly increased to 10.3 f 1.0, 11.9 k 0.6, and 10.4 f 0.8 mg/dl, respectively, compared with the normal concentration of 9.2 k 0.3 mg/dl (P < 0.05).
The thyroid glands were fixed in Bouin's or Zamboni's solution for up to 24 hours and embedded in paraffin. Serial sections were stained with hematoxylin and eosin (HE) or immunohistochemically using an avidin-biotin complex peroxidase method.1° Primary antibodies consisted of rabbit anti-porcine calcitonin (1 : 1,000 dilution) and chicken antihuman PTHrP (1-36) IgG (1 : 50 dilution). Characterization and specificity of both rabbit anti-porcine calcitonins and chicken anti-human PTHrP (1-36) IgG'O have been described previously. Controls included sections incubated with nonimmune rabbit serum (1 : 50 dilution), phosphate-buffered saline (PBS), or antihuman PTHrP IgG mixed with an excess of PTHrP (1-36) instead of the primary antibody.
In normal sheep it was difficult to distinguish C-cells from the follicular epithelial cells in HE-stained sections. Immunohistochemically, calcitonin-positive C-cells were polyhedral or elongated with long cytoplasmic extensions. C-cells were located among the follicular epithelial cells (intrafollicular position) or between the follicular epithelial cells and their basement membrane (parafollicular position), either singularly or as small clusters ( Fig. la) . They also were situated outside of follicles (interfollicular position) in small cell clusters consisting of four to 10 cells. C-cells were strongly positive for calcitonin ( Fig. 1 a) , but follicular epithelial cells and chief cells of the internal parathyroid gland (parathyroid IV) were negative for calcitonin. Most C-cells and follicular epithelial cells stained moderately positive for PTHrP ( Fig.  1 b) . C-cells that stained intensely with anti-calcitonin antiserum were also observed in parathyroid IV ( Fig. 2a ). Intense PTHrP immunoreactivity was noted in parathyroid chief cells ( Fig. 2b ). Arteriolar smooth muscle and skeletal muscle were strongly positive for PTHrP, whereas collagen fibers and vascular endothelial and adventitial cells were negative for PTHrP.
In sheep with vitamin D,-induced hypercalcemia, thyroid C-cells were larger and more numerous. C-cells at the peripheral region of the thyroid follicles developed nodular hyperplasia. Mitotic figures were observed occasionally in hyperplastic C-cells. In contrast to calcitonin immunoreactivity in C-cells, which decreased markedly with ?he duration of hypercalcemia ( Fig. 3a) , PTHrP immunoreactivity remained moderately positive in C-cells and follicular epithelial cells (Fig. 3b ). Chief cells of parathyroid IV were moderately to intensely positive for PTHrP. All control sections using nonimmune rabbit serum or PBS were negative. Immunoreactivity for PTHrP using antihuman PTHrP (1-36) IgG mixed with an excess of PTHrP (1-36) was markedly diminished. Results ofthe immunohistochemical staining for calcitonin and PTHrP are summarized in Table 1 .
The current investigation demonstrated that immunoreactive PTHrP was present in normal and hyperplastic C-cells of the sheep thyroid. In addition, immunoreactivity for PTHrP also was present in the thyroid follicular epithelial cells of sheep, as has been reported in humans.' Immunoreactivity for calcitonin decreased in hyperplastic C-cells that developed following vitamin D,-induced hypercalcemia, whereas immunoreactivity for PTHrP did not change and was moderately positive in hyperplastic C-cells. In response to hypercalcemia, C-cells actively synthesize and secrete calcitonin, calcitonin gene-related peptide, chromagranin A, and neuron-specific eno1ase.8 1,25-dihydroxyvitamin D, decreased the expression of both PTHrP and calcitonin mRNA in a C-cell carcinoma line in a time-and dose-dependent manner.4 However, the effects of 1,25-dihydroxyvitamin D, on PTHrP production by C-cells is still unknown.
Despite the fact that the first 34 N-terminal amino acids of PTHrP demonstrate PTH-like biologic activity and bind to PTH receptors, there is no immunologic cross-reactivity between PTHrP and PTH.2,5,6.y,10 In contrast to PTH, which is produced only by the parathyroid gland, PTHrP has been identified in many normal tissues, including stratified squamous epithelium, endocrine tissues (pituitary, adrenal gland, parathyroid gland, thyroid, pancreas), ovary, testis, placenta, skeletal and smooth muscle, kidney, lactating mammary gland, and myometrium.1,3.s PTHrP immunoreactivity has been detected in human thyroid follicular epithelial cells. I Immunoreactive PTHrP has been described in squamous3 and renalS cell carcinoma and endocrine tumors of thyroid, parathyroid, pancreas, adrenal, gut, and lung. The expression of PTHrP mRNA also has been demonstrated in cultured human C-cell carcinoma celk4 PTHrP, which is widely distributed in various normal and neoplastic tissues, may act in an autocrine or paracrine manner in these t i s s~e s .~.~.~ In the fetus, immunoreactive PTHrP as well as PTHrP mRNA were expressed in various tissues throughout gestation, suggesting that PTHrP has a role in cell growth and/or differ-entiati~n.~,'.~ Although the biological significance of PTHrP is unknown in the adult, PTHrP may play an important physiological role in the function of endocrine tissues.' Positive immunoreactivity for PTHrP was observed in the chief cells of parathyroid IV in the present study. Immunoreactive PTHrP (1-34) was not detected in the external parathyroid gland (parathyroid 111) of pregnant ewes; however, a small amount of PTHrP has been extracted from Fig. 2a . C-cells are strongly positive for calcitonin. Fig. 2b . Most chief cells and C-cells stained intensely for PTHrP. 
